The ADC values were calculated for breast lesions and axillary LNs. The results were correlated with the histopathology results which were taken as gold standard. Results: In the studied 50 lesions, 20 were benign and 30 were malignant. The most frequent benign lesion was fibroadenoma (16%) and the most frequent malignant lesion was invasive duct carcinoma (36%). The mean ADC value for benign lesions was 1.6 ± 0.33 · 10 À3 mm 2 /s while the mean ADC value for malignant lesions was 0.84 ± 0.25 · 10 À3 mm 2 /s. The ROC curve showed that the best ADC cut-off value between benign and malignant lesions was 1.02 · 10 À3 mm 2 /s with sensitivity, specificity, PPV, NPV and accuracy of 90%, 95%, 100%, 90.4% and 92% respectively. Conclusion: DW-MRI with ADC values measurement was considered a useful tool for accurate differentiation of various breast masses.
Introduction
Breast cancer is one of the leading causes of death from cancer in women (1) . Methods such as X-ray mammography, ultrasound and physical examination are often limited in sensitivity and specificity, especially in young women. MRI is being increasingly used for preoperative local staging, localization of multiple lesions and screening of high-risk patients (2) . Breast MRI, as a different diagnostic tool from mammography and ultrasonography (US), can show tissue perfusion characteristics of the masses on breast parenchyma, as well as morphologic features, such as the contour, size, and shape of the breast lesions. Although conventional MRI sequences have an important role in the differential diagnosis of breast masses, this technology has a low specificity, and thus requires the support of additional imaging techniques (3) (4) (5) . DiffusionWeighted MRI (DW-MRI) is an active field of research in MRI. In addition to diffusion-weighted imaging (DWI), apparent diffusion coefficient (ADC) maps can be created and quantitative measurements can be performed. DW-MRI provides physiologic information about the movement of water in normal versus pathological tissue. The quantitative measure of DWI (ADC value) has been reported to be inversely correlated with tissue cellular density (6) (7) (8) (9) .
The aim of this study was to evaluate the role of DW-MRI and ADC values in the differentiation of various breast lesions.
Patients and methods

Patients
This study was approved by the ethics committee of our institutions during the period between ''June 2013 to January 2015''. It included 50 consecutive female patients with a suspicious breast mass diagnosed with mammography or US and considered for a biopsy procedure. The ages of the patients ranged from 28 to 71 years (median ± 49 years). Written informed consent was obtained from each patient.
Inclusion criteria
Any suspicious lesion on mammography or US according to Breast Imaging-Reporting and Data System (BI-RADS) criteria and who were recommended for biopsy procedure were included in the study.
Exclusion criteria
The patients who had general contraindications for MRI examination and contrast-medium injections, patients who rejected MR examination, patients who had noisy or nondiagnostic DWI examinations due to motion artifacts and patients who refused to undergo a biopsy were excluded from the study.
The gold standard
All patients had MRI prior to the biopsy procedure. DWI and ADC values were compared with the histopathology results, which were taken as gold standard.
MRI protocol and technique
All MRIs were obtained using 1.5 Tesla superconducting unit (Toshiba Medical systems corporation, 1385, Shimoishi Gami, Otawara-Shi, Tochigi-Ken, Japan) with eight-channel CP breast Array coil. Conventional sequences of routine breast MRI were performed for all patients, including axial fatsuppressed T2-weighted (TR/TE, 2500/60 ms; slice thickness 3 mm and matrix 340 · 512), axial T1-weighted (TR/TE, 500/15 ms), axial STIR (TR/TE, 6500/84), fat saturation sequence (TR/TE, 4300/80) and contrast-enhanced threedimensional dynamic fat-suppressed axial T1-weighted (TR/TE 4.4/1.6 ms and slice thickness 1 mm). One precontrast sequence was followed by six post-contrast sequences for the dynamic contrast-enhanced images. Gad-DETPA (gadolinium-Diethylene triamine penta-acetic acid) was used as contrast media. The contrast media were given intravenously over 20 s by an automatic MR-compatible injector. The doses were 0.2 mmol/kg (maximum dose 15 mmol).
The DWIs that formed the basis of our study were performed prior to contrast-enhanced examination. The DW-MRI sequences were performed with a two-dimensional echo-planar imaging (EPI) sequence (TR/TE, 8200/95 ms and slice thickness 3.5 mm) in the axial plane. The ADC map images were created automatically by the system at two different b values (b = 0 and 750 s/mm 2 ).
Lesion assessment
All the lesions were evaluated by one radiologist according to size, location, shape, signal intensity and contrast enhancement patterns. The DW-MRIs were analyzed to observe any restriction of diffusion in the lesions, and the ADC maps were used for ADC value measurements. Each lesion was evaluated on T1, T2-weighted, STIR, fat saturation and contrastenhanced images; the enhanced part of the lesion was preferred for evaluation on the corresponding DW-MRI; the region of interest (ROI) was placed manually on the corresponding area of the ADC map. The ROI was placed in the solid portion of the tumors and necrotic or cystic components were excluded from the measurement area.
Post-imaging processing
All image analysis were performed by one experienced Radiologist. ADC maps were constructed on a pixel by pixel basis. Multiple ROIs were placed on either the breast lesions or LNs on the ADC map and the average value was recorded. All detected lesions were reviewed for enhancement pattern and type of the time-intensity curve.
Surgical interference and pathological examination
Radical and modified radical mastectomy with LN excision was done for 30 patients that proved pathologically to be malignant while lumpectomy was done for the benign proved lesions. Also radiotherapy and chemotherapy were additional treatment measures for the malignant lesions according to the pathology done after the excision.
Statistical analysis
Data entry and analysis were done with using the program Statistical Package for the Social Sciences (SPSS). Quantitative data were presented by mean and standard deviation, while qualitative data were presented by frequency distribution. The ADC values between malignant and benign groups were compared using Student's t test. The sensitivity, specificity, negative and positive predictive values (PPV) were assessed. Also, the ROC analysis was performed to distinguish between the thresholds ADC values of the benign and malignant lesions. P < 0.05 was considered statistically significant.
Results
This study included 50 consecutive female patients with 50 breast lumps, the clinical, radiological as well as pathological findings, all were represented in tables and statistical forms.
Histopathological diagnosis
Of the 50 lesions, 20 were benign; the most frequent of them was fibroadenoma (8/20), followed by intra-ductal papilloma (5/20), fat necrosis, fibrocystic changes and atypical ductal hyperplasia (2/20 for each) and the least frequent was granulomatous mastitis (1/20) . Thirty lesions were malignant; invasive duct carcinoma was the most frequent (18/30), followed by ductal carcinoma in-situ (5/30) and the least frequent was medullary carcinoma (3/30) ( Table 1) .
When using the conventional MRI sequences that were routinely done (T1WI, T2WI, STIR and fat saturation sequences), we found that (25/50) patients were diagnosed benign, (23/50) patients were diagnosed malignant and (2/50) were indeterminate. When correlated with the pathological diagnosis of these patients we found that among the 25 patients that were diagnosed benign by conventional MRI, 6 patients were diagnosed malignant by histopathology. One patient diagnosed malignant by conventional MRI and diagnosed benign by pathological study. Also, the 2 patients that were indeterminate by MRI proved pathologically to be malignant (p-value was statistically significant 0.001) ( Table 2) .
We measure the ADC values for all lesions and correlated with the pathology of these lesions. We found that the benign lesions had a mean ADC value of 1. (Table 3) . When we used the DW MRI and ADC values for the evaluation of our patients we found that 21 patients were diagnosed benign (one of them was diagnosed pathologically as malignant). Twenty-seven patients were diagnosed malignant and all were proved pathologically to be malignant. Two patients were indeterminate by DW-MRI and proved pathologically as one benign and one malignant with evident statistically significant P value 0.001 (Table 4) .
Considering the ADC receiver operating characteristics curve (ROC curve), we found that the ADC value was diagnostic for differentiation of breast masses as the area under the curve measured 0.87 ± 0.05 and confidence interval was from 0.77 to 0.96. The cut off value between benign and malignant lesions was found to be 1.02 mm 2 /s with significant P value < 0.001 (Table 5) .
As regarding the differentiation of breast lesions, conventional MRI had a sensitivity of 73.3%, specificity of 90% with positive predictive value of 95.6%, negative predictive value of 76% and accuracy of 82%. While using the DW-MRI and ADC value had sensitivity of 90%, specificity of 95% with positive predictive value of 100%, negative predictive value of 90.4% and higher accuracy for breast lesion differentiation that reached 92% (Table 6 ).
Discussion
DWI reflects changes in water molecule mobility caused by alterations of the tissue environment due to a pathological process. Therefore, measurement of the motion of water molecules can provide an additional feature that may further increase the specificity of the MRI classification of breast masses. Also, the measurement of the apparent diffusion coefficient plays a significant adjuvant role with DW-MRI in the differentiation of breast lesions as there is a direct relationship between ADC values and tumor cellular structure (10) (11) (12) (13) .
In this study we found that the invasive duct carcinoma was the most frequent malignant breast lesion and the fibroadenoma was the most frequent benign breast lesion. This was also stated on recent study by Sahin and Aribal (14) . Also, this was proved by Blackledge et al., (3) ( Table 1) (Figs. 1-4) .
Considering the ADC values we found that the high values were more toward benign lesions while the lower values were toward the malignant nature of the lesions. The mean ADC value for benign lesions was 1. /s with statistically significant P value 0.001 ( Table 3 ). The ROC curve showed that, the cut off value for differentiation between benign and malignant lesions was 1.02 · 10 À3 mm 2 /s and so that any breast lesion with ADC value equal to or less than (15), reported that the most feasible ADC value to depict malignant lesions was found to be less than 1.10 · 10 À3 mm 2 /s (see Fig. 5 ). Yoshikawa et al. (16) reported that the use of small b values increased the accuracy of differentiation between benign and malignant lesions. This was in contrast to Sinha and Sinha (17) that postulated, the use of high b-values decreased the SNR. Fernanda et al. (9) found that the use of 0 and 750 b-values combination was the most appropriate and we followed this protocol on this study. It was reported that the DW-MRI with high b-values was more reliable in differentiating between breast lesions, though signal loss more severe (3, 5 and 7). Bogner et al., (18) reported that using variable b-values did not provide an advantage and reported ideal b-value as 850 s/mm 2 . Correlating the results of conventional MRI with the pathological results, 25 lesions were diagnosed benign by MRI, 6 of them diagnosed pathologically malignant. On the other hand, 23 patients were diagnosed by MRI malignant, one of them was proved pathologically as benign. The other 2 lesions were in-determinate by conventional MRI and proved pathologically as malignant. The indeterminate lesions were the lesions that did not fulfil the criteria of either malignant or benign lesion, regarding the lesion shape, signal intensity, contrast enhancement, diffusion restriction or its ADC value. These results were statistically significant with P value 0.001 (Table 2) . Nunes et al., (19) and Houssami (20) stated that, despite of the high sensitivity of MRI, it showed low specificity ranging from 40% to 80% and there were many overlaps in the imaging findings for benign and malignant lesions. In this research, the sensitivity of conventional MRI Note: PPV = positive predictive value, NPV = negative predictive value. The utility of diffusion weighted MRI and apparent diffusion coefficient in breast lesions differentiation was found to be 73.3%, and its specificity 90%, PPV 95.6%, NPV 76% with accuracy of 82% (Table 6 ). This was stated by Kim. et al., (21) .
Correlating the results of DW-MRI and ADC values with the pathological results, we found that 21 lesions diagnosed benign by DW-MRI, 2 of them proved pathologically as malignant. On the other hand 27 lesions diagnosed as malignant by DW-MRI and all proved to be malignant by histopathology. The remaining 2 lesions that were indeterminate by DW-MRI proved pathologically as one benign and one malignant lesion. Marini et al., (10) reported that the use of DW-MRI in differentiating between malignant and benign breast lesions had a sensitivity ranged from 81% to 93% and specificity from 80% to 88.5%; this was nearly stated by Yabouuchi et al., (22) and Park et al. (23) . In this study sensitivity of DW-MRI with ADC values in the differential diagnosis of breast lesions reached 90% with specificity of 95%, PPV of 100%, NPV of 90.4 and accuracy of 92%.
Liu et al., (24) postulated that the addition of DWI with measurements of ADC values to the conventional MRI, improved the detection and differentiation of various breast lesions. Hetta (25) stated that the use of DWI combined with breast MRI improved the detection and differentiation of breast lesions with sensitivity, specificity, PPV, NPV and accuracy of 85%, 93.33%, 94.4%, 82.4% and 90.3% respectively.
Conclusion
According to the results of this study we concluded that the addition of DW-MRI and ADC value measurements to the conventional MRI of the breast increased the accuracy of diagnosis and characterization of different breast masses. Also, the use of DW-MRI with ADC value measurements was found to be a valuable quantitative analysis.
